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Background: In the general population visual-spatial ability is better in males, due to the influence of biological
and socio-cultural factors. We know that sport activity improves motor skills. The aim of this work is to determine if
these gender differences exist in young athletes. The orientation test described by Terzi and standardized by
Cesaroni, used to measure spatial ability, was carried out on 60 volleyball or 60 tennis athletes as well as on 60
non-sporting subjects.
Results: The data analysis revealed a worse performance for non-athletes in comparison with athletes in both
components of test (p < 0.0001; p = 0.04), with no differences between the volleyball and tennis groups. As far as
gender comparison is concerned, as expected in the non- sport group the males presented better values (p < 0.001;
p = 0.006). However in both sports groups there weren’t any gender differences in either part of the test (p = 0.18;
p = 0.056).
Conclusions: These results confirm that during athletic preparation in volleyball and tennis the specific training is
able to develop spatial ability. Besides, boys and girls have similar performance demands and training experience. It
appears that this specific training could be responsible for modifying gender differences in performance of spatial
ability during adolescence.
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Motor skills express the possibility to move in a way that
each person is able [1]. It’s possible to identify conditional
and coordinative abilities. Both depend on hereditary
traits, but are also developed through motor activity. They
are stable and long lasting and they are responsible for
sport performance.
An important coordinative ability is visual spatial skill
[2]. This ability is to prevent us getting lost and being
able to read or build a map of the surrounding space. It
is achieved and maintained by a complex set of sensory
motor control systems that include: sensory input from* Correspondence: angelanotarnicola@yahoo.it
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article, unless otherwise stated.vision, proprioception, and the vestibular system. To de-
termine this ability, intrinsic individual components and
environmental factors intervene [3].
An important example of intrinsic characteristics are
gender differences. Men show better spatial ability than
women [4,5]. Different theories on anatomical evolution
have been used to justify these differences. It has been
suggested that these gender differences arose due to gen-
der roles in the early human ages, when men went out
hunting, while women stayed with the children while
gathering food or carrying out manual labour [6]. An-
other explanation for these sex differences focuses on
hormones. Testosterone in males leads to better spatial
performance, while oestrogen in females leads to a re-
duction in their mobility in order to devote themselves
to parental care [7]. Other researchers have reported
that males tend to have larger brain volume, while the
grey-to-white ratio tends to be greater in females [8-10].ntral Ltd. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/2.0), which permits unrestricted use,
, provided the original work is properly cited. The Creative Commons Public
mons.org/publicdomain/zero/1.0/) applies to the data made available in this
Table 1 The command given during the two parts of the
test and the corresponding scores
1st part of the test: execution
Command given The blindfolded subject has
to execute the following commands:
- Take a lateral left step,
- Take two steps forward,
- Turn right 90°,
- Take two steps forward,
- Take a lateral right step,
- Go back to the starting point.
Point assigned - Steps forward: 2 points
- Lateral steps: 2 points
- Right turn: 1 point
- Go back correctly: 5 points
Total score: 20 points
2nd part of the test:
reproduction
Command given We ask to subject to design the route.
Point assigned - Lateral step: 2 points
- Steps forward: 2 points
- Right turn 90°: 5 points
- Right lateral steps: 2 points
- Go back to the starting point: 1 point
Total score: 20 points
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plays an important role [11]. Motor response to various
situation needs adequate spatial evaluation. In general, tac-
tical preparation allows sports men to develop spatial
skills, which are divided into 5 types: technical (minimal
distance between striker and defender), tactical (space in
the defense), projective (how much place the player has to
move) dynamic (the real field maybe smaller then player
imagines) and topological (space an ether side, behind and
in front, above and below the player) [11]. These different
perceptions justify how sport activity could improve atten-
tion levels and visual-spatial ability. The aim of this work
is to verify if by practicing sport there are still gender dif-
ferences between young athletes in two different sports
(volleyball and tennis) compared to a non-sport activity
control group.
Methods
We set up a clinical observational study designed to re-
cruit volunteer athletes to undergo a motor skill test, half-
way through the tournament season. The control group
was formed by non- athletes. Ethical approval was given
by the local Ethics Committee of Bari University General
Hospital and written informed consent was obtained from
the parent or guardian of each participant.
In January and February 2012 we recruited young
people who took part in semi-professional volleyball (1st
group, 60 subjects) and a tennis group (2nd, 60 subjects)
and who reported no historical speciality in any sport/
exercise and were sedentary at the time of the study (3rd
group, 60 subjects). Each group was formed by 30 males
and 30 females. The inclusion criteria of subjects was to
be between age 11–14 with no musculoskeletal or
neurological disorders, nor were they any taking any
medication that could affect cognitive functions. For the
two sport groups another inclusion criteria was years of
sport activity, of between two and four years. For each
sport the subjects were recruited from the same school.
The athletes had an ongoing training programme: 2
hours a day, 2 or more days a week.
The Applied Test is described by Terzi and standard-
ized by Cesaroni, useful to study these motor skill [12].
The test was carried out before a training session on the
sport subjects. The test was carried out by the same re-
searcher (AN) who has 7 years of experience in research
and studies on motor methodology. The test is com-
posed of two parts. In both phases of the test during the
execution and production a point system was assigned
for each right command (Table 1 and Figures 1 and 2).
 During the 1st part, execution, the blindfolded
subject has to carry out a command given by an
examiner, memorize them and imagine the route
taken to get back to the starting point. The route issquare. The last command, to go back to the
starting point, tests orientation skills.
 During the 2nd part, reproduction, the subject has to
reproduce on paper the route taken.
For each subject recruited we completed a file in which
we reported the epidemiological data as well as the test re-
sults. The forms were entered into a database using File-
Maker Pro software. We used the STATA MP11 software
to analyse the data. Quantitative variables were expressed
as mean and standard deviation. We used the t-student
test for independent samples to compare the mean sex
and sport activity. Furthermore, we performed multivari-
able regression models. For every test we considered a
value of p < 0.05 to be statistically significant.Results
Epidemiological data
The demographic data of each group is shown in Table 2.
The groups are comparable for epidemiological character-
istics. All subjects had normal or corrected-to-normal vis-
ual accuracy and were right-handed. The results of both
parts of the test are shown in Table 3 for each group.
Figure 1 Route that the subject has to complete under vocal
command during the first part of the test.
Table 2 Age and years of sport activity, for each
study group
Group Age (years) Years of sport activity
Tennis players 12.4 ± 0.7 2,5 ± 0.8
Volleyball players 12.6 ± 0.8 2.4 ± 0.7
Non-sport subjects 12.5 ± 0.8 NA
p-value 0.69 0.69
The data is expressed by average and standard deviation. The statistical
comparison between groups is expressed by p value.
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The sport subjects (volleyball and tennis players) ob-
tained the average value of 19.1 ± 1.8 during the execu-
tion and 11.9 ± 6.8 during the reproduction. These
results are statistically better than the non-sport subjects
considering test execution (t = 15.2; p < 0.0001) and
reproduction (t = 1.8; p = 0.04). There weren’t any statis-
tically significant differences in the results of both parts
of test between the two sport groups (respectively t =
0.21, p = 0.41; t = 1.37; p = 0.09).
Gender comparison
In the control group the males presented statistically
better values (execution = 14.1 ± 0.7; reproduction =
11 ± 2.8) compared to the females (execution = 11.9 ±
1.6; reproduction = 8.3 ± 0.61) for each part of the test
(t = 4.9; p < 0.001; t = 3.63; p = 0.006).
In the sport group there were no statistically significant
differences in execution (t = 0.93; p = 0.18), while we veri-
fied statistically better results (t = 1.6; p = 0.056) in theFigure 2 Route that the subject should be able to reproduce
on paper during the second part of the test.females (13.3 ± 6.9) compared to the males (10.5 ± 6.5)
during reproduction.
Multivariate analysis
The multivariable regression models highlights how the
values are influenced by gender (t = 2.88; p = 0.005), be-
longing to the volleyball group (t = 7.78; p < 0.0001) or
the tennis group (t = 7.27; p < 0.0001). Any variables in-
cluded in the model influence the values obtained during
the reproduction.
Discussion
The results of this work allow us to study gender differ-
ences in visual-spatial skills during volleyball and tennis
activity. Using the Terzi test standardized by Cesaroni
we were able to verify two components of spatial ability:
spatial orientation and memory. The test is therefore
composed of two parts. During the first part, the execu-
tion, the subject has to follow vocal command, complete
the route and go back to the starting point. The second
part of the test, the reproduction, required the subject to
reproduce on paper the route taken. Through this test
we are able to evaluate spatial capacity.
As expected from literature, we found better results in
the sport group [13,14]. This new data has not been stud-
ied until now. The same results were found in both sports.
In sport this data is linked to the perception of space. First
of all in two elements: information stored by different
technicians and specific techniques of spatial ability [11].
In particular, an athlete has to memorize all the necessary
information and keep it in mind even when it is not in his
field of vision. This also brings improvement in motorTable 3 Average values and standard deviation of
execution and repetition points for group
Group 1st part of the test:
execution
2nd part of the test:
reproduction
Tennis players 19.1 ± 1.7 13.1 ± 6.4
Volleyball players 19.0 ± 1.9 10.7 ± 7.1
Non-sport subjects 13.0 ± 1.6 9.7 ± 2.4
F 120.8 2.91
P-value <0.001 0.06
We performed a statistical comparison between three groups.
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transformation, kinesthetic differentiation, etc. and so
improves sporting ability. In volleyball and tennis we
found similar aspects: the ball, the net, opponents,
teammates, lines and the court. In both sport the athlete
must constantly be aware of the position of the ball
(main target), but also keep an eye on the opponents’
position, teammates and the lines of the court (second-
ary target). As far as basic techniques are concerned we
must remember that a game can be “invasional” (foot-
ball, basketball, handball, rugby, hockey, etc.) or “cross-
reference” (volleyball, tennis, squash, etc.) [11]. In both
sports analyzing the difficulty of the game is similar.
The field is divided into two parts separated by a net.
During the game a spatial limit is necessary to keep all
the players on their side of the field so spatial percep-
tion is linked to the ball movements on the opponents’
side, while trying to score a point as well as stopping
the opponents from scoring a point on their own side.
In the control group we verified the presence of gender
differences for both parts of the test. This result is similar
to literature where we can see better results among man
rather than women for different visual-spatial tasks: spatial
perception, spatial visualization, mental turn, spatial-
temporal ability, generation and maintenance mental im-
agines and animation [15]. This justifies better orientation
in men than women because they learn routes more
quickly and are better at estimating distances thanks to
high visual ability. This ability comes from a mental rota-
tion strategy [16]. Women use a strategy based on route
imagination using reference points (signs, etc.) [16]. In the
test the subject is blindfolded and so has no reference
points which accounts for the bad results among the
women in the control group.
We found no statistically significant gender differences
in either sport group. These results are linked to sports’
history and male prevalence in teaching and practicing
[17,18], while in the last years women have begun to
learn the same male tactical schemes [19].
In volleyball and tennis boys and girls have similar de-
mands in performance and training experience. Accord-
ing to the data found in our study we hypothesize that
spatial ability is influenced by sport activity and the lat-
ter could decrease gender differences.
Another hypothesis could be hormonal modulation
which is induced by the sport practice. Biological hypoth-
eses are based on the assumption that sexual hormones
influence cognitive development. In fact, hormone ma-
nipulation affects not only sexual behavior, but also some
aspects of cognition, in particular spatial ability [20].
Physiologically male gender is characterized by high circu-
lating androgen levels which are responsible for better
male orientation [14]. We have to consider that sport ac-
tivity could increase circulating androgens levels. Previousstudies have verified that in some sport which are medium
impact sports, such as baseball, swimming, or track,
spatial orientation is similar in males and females. In other
sports, such as basketball, which are higher impact, fe-
males show an advantage over males. It was verified that
androgens could improve spatial ability in women, but
could inhibit it in men [14]. These results are linked to a
physical level of impact and consequently to hormonal in-
stability could justify different capabilities found in the
sporting population compared to the general population
[14]. In our case in consideration of athletes agonistic
levels the impact of the sport was medium. Even though
we didn’t measure hormonal levels, we can hypothesize
that there was a medium hormonal stimulation in both
genders which justify the similar results between the males
and females.
Our finding of athletes’ superiority in spatial memory
working is in accordance with literature [21-23].
The training improves this capacity, which is a funda-
mental element for high profit for the sport activities
[22,23]. Magnetic resonance images show that athletes
have a significantly increased cortical thickness in specific
areas of brain involving visual system capacities [24]. On
the other hand, we did not find any differences between
tennis and volleyball athletes, neither between male and
female athletes. These results are in discordance with a re-
cent meta-analysis, in which the researchers examined
how cognitive capacity could be influenced by the sport
type and by sex [22]. The authors found that athletes from
interceptive sport types (as tennis) and males performed
better. However, previous researchers have noted some
weaknesses in these studies such as small sample sizes and
methodological heterogeneity [22]. Moreover, the authors
pointed out that there are more studies involving male
than female athletes and more work related to interceptive
than strategic sports (as volleyball) or static sports (as run-
ning) [22,25].
On the basis of our preliminary results we hypothesize
that in the athletes the experience-dependent learning and
brain plasticity could level the differences of cognitive skills
correlated to the sport type and gender. Further studies
with large sample sizes could verify this assumption.
The weak points of the study are the absence of pro-
spective design that could have allowed us to follow up
possible variations of motor skills during the agonistic sea-
son. The observation of volleyball and tennis athletes
needs to be expanded to athletes in other different sports,
in particular during closed skill sport activity such as
swimming, running, invasive sports such as football and
basketball. In following works it could be useful to analyze
gender influence on the other coordinative motor skills.
The test group is restricted to 11 to 14 years of age. Since
this is the age group where there are the most hormonal
changes in the adolescents and where the maturation rate
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consider the difficulty to establish the origin of the differ-
ences observed in this measure between sexes [26].
Despite these limitations, our study has the merit of
being the first to examine the sex-based differences for
visuo-spatial ability in volleyball and tennis.
Conclusions
This data supports the idea that sport activity reduces gen-
der differences in spatial ability during the adolescence.
This discovery could give us clues to be used in teaching.
As a matter of fact, not all children take part in sport
which allows them to increase visuo-spatial motor skills.
For this reason we could think, for example, of suggesting
traditional games (cops and robbers, tag, hopscotch, etc.)
which help to develop spatial ability in children.
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